Traumatic brain injury (TBI) occurs when an external blow to the head causes a disruption in the normal functioning of the brain. Injuries such as these not only increase the risk of involvement with the criminal justice system for the individual, but also may make it more difficult to navigate within the legal system. Unfortunately, public defenders may not be familiar with the challenges of TBI their clients face. The aim of this study is to explore the familiarity of public defenders with the signs and symptoms of TBI. Additionally, the study investigates the degree to which public defenders recognize the prevalence and impacts of TBI in the legal system. The study consisted of a 14-item electronic survey distributed to all public defenders in Minnesota. Results found that public defenders varied widely in their familiarity with TBI's symptoms, prevalence, and impacts in the legal system. Although the majority of respondents had not received any advanced training on TBI, most believed such training would be beneficial for their clients. This study clearly shows a need for more training on cognitive, memory, and behavioural impairments experienced by defendants who have been impacted by TBI.
Introduction
A traumatic brain injury (TBI) occurs when an external force, including but not limited to a blow to the head, causes a disruption in the normal functioning of the brain [1] [2] [3] [4] . Although the effects of the disruption in brain functioning can vary widely across individuals, symptoms may include intellectual impairments, executive control deficits (information processing speed), short-and long-term memory alterations, affective dysregulation (mood disorders), issues with adaptive functioning (e.g., decision making and problem solving), anxiety, psychosis, impulsivity, irresponsibility, and behavioral problems [5] [6] [7] [8] [9] [10] . Despite this array of potential symptoms, TBI is often considered a "hidden" or "invisible" injury because these symptoms are more difficult to identify than a bruise or broken bone [11, 12] .
Because TBI is likely under-diagnosed across a wide variety of settings, current prevalence estimates likely underestimate the number of people who suffer from TBI [13] . That said, TBI has an estimated prevalence rate of 1.1% to 1.7% in the general population [14] . This prevalence only increases in medical settings, where TBI-related hospitalization increased by 11% from 2001 to 2010 and TBI-related emergency room visits increased by 70% [15] . Another area where TBI is likely over-represented is the criminal justice system [16] . One study estimated that TBI is present in approximately 64% of male and 70% of female adult offenders [17] . Other research suggests that somewhere between 25% and 87% of the more than two million offenders in U.S. jails and prisons have sustained at least one TBI during their lifetime [18] [19] [20] [21] [22] [23] . This wide variation in prevalence estimates may be a function of the assessment protocol employed in a given study. For example, Diamond et al. [20] reported approximately 1% of prisoners had a history of TBI based on an intake interview whereas 83% of prisoners had a history of TBI based on a detailed screening instrument. Unfortunately, an estimated 45% [19] and 61% [20] of offenders with TBI do not receive adequate medical treatment for this ailment.
A lack of sufficient treatment can result in TBI contributing to a wide range of problems in offenders. From an early age, TBI can result in cognitive impairments that contribute to the onset of antisocial behaviours [24] . This includes cases where the onset of TBI preceded contact with the criminal justice system [25] . Along with antisocial behavior including violence, TBI often co-occurs with academic problems in adolescence. In adult offenders, the presence of TBIs where consciousness was lost or multiple TBI events increased the likelihood of major depression [22] . Further, TBI where consciousness was lost in the previous year increased the risk for psychosis in prisoners [22] . As these findings highlight, early detection of TBI is important in the prevention of antisocial behavior and mental illness.
In addition to these deleterious outcomes, TBI has a negative impact on defendants attempting to navigate the criminal justice system. This could take the form of a suspect making ill informed decisions by waiving legal rights such as Miranda or the right to an attorney. Alternatively, TBI could limit a defendant's competency to stand trial. For example, TBI may result in communication and memory impairments that make it difficult to communicate effectively with one's attorney. As a result, the defendant may not be able to effectively assist his or her attorney in the development of their legal strategy. Nonetheless, there is limited research on how TBI impacts defendants navigating the various stages of the legal system.
In light of the number of individuals in the criminal justice system with TBI, and the varied impacts of TBI during the legal process, public defenders must be aware of TBI. However, there is limited information on the experiences and knowledge base of public defenders representing defendants with TBI in a court of law. To our knowledge, few public defenders receive training focused on the recognition and understanding of TBI. As a result, public defenders have limited knowledge about the prevalence of TBI-related deficits among their clients or the ranging impacts of these deficits across different settings. This likely extends to judges, parole officers, probation officers, and others who often have not received the appropriate training to recognize and accommodate the needs of individuals impacted by a TBI. As such, legal professionals are in dire need of training on the symptoms of TBI. Increased knowledge of TBI could make a world of difference in assisting defendants with this disorder. Further, public defenders could help improve the identification of defendants with TBI.
The accurate identification and early referral to a qualified mental health professional provides the best chance of successful remediation and treatment for the defendant. Being attuned to the special needs and accommodations of those with TBI may also make for a more comprehensive defense throughout the legal process. The best way to ensure that due process rights are protected for all defendants, including those with TBI, is to understand the unique characteristics of TBI and make all reasonable accommodations under the law.
The Present Study
Individuals with TBI are disproportionately likely to become involved in the U.S. criminal justice system [17] . Once entangled in this system, individuals with TBI frequently encounter challenges and difficulties as a function of the cognitive, adaptive, and behavioral symptoms of TBI. To limit these challenges and difficulties, professionals working in the criminal justice system, such as lawyers and judges, must be able to recognize the possible presence of TBI and ensure these individuals receive the necessary services and treatment. Unfortunately, it is unclear if legal professionals are familiar enough with TBI to meet these obligations. In particular, there is a lack of research on the TBI-related knowledge of public defenders, which are a first-line of defence in ensuring the adequate treatment of their clients. To this end, this study involved conducting a web-based survey of open-and closed-ended questions in a sample of public defenders.
This study had two aims. First, we explore the familiarity of public defenders with the signs and symptoms of TBI. We hypothesize that the majority of public defenders will not be able to accurately identify the symptoms and warning signs of TBI. Second, we investigate the degree that public defenders recognize the prevalence and impacts of TBI in the legal system. We expect that public defenders will be generally unfamiliar with the prevalence of TBI along with the consequences that cognitive, adaptive, and behavioral impairments have in the legal system. Overall, we anticipate finding that public defenders could greatly benefit from advanced education and training on TBI in the legal system.
Method
A survey request email, with URL, was sent to public defenders at the State of Minnesota Board of Public Defense. The University of Minnesota Institutional Review Board (IRB) approved this study. Each participant provided informed consent by completing at least a portion of the survey. The survey was developed by the primary study authors based on their professional clinical experience and a review of the pertinent literature. The web-based survey was built using Google Forms to collect and record responses in a Google Sheets document linked to the survey. After the initial survey recruitment email, weekly reminders were sent for a one-month period.
The survey included 14 items. Four questions focused on demographic characteristics: gender, age, years spent practicing law, and county where most of the respondent's cases occur. Ten questions inquired about TBI. This mostly consisted of closed-ended questions on assessing different levels (mild, moderate, or severe) of TBI. All data was analysed using SPSS 22.
A traumatic brain injury (TBI) occurs when an external force, including but not limited to a blow to the head, causes a disruption in the normal functioning of the brain (5) . Although the effects of the disruption in brain functioning can vary widely across individuals, symptoms may include intellectual impairments, executive control deficits (e.g., information processing speed), short-and long-term memory alterations, affective dysregulation (e.g., mood disorders), issues with adaptive functioning (e.g., decision making and problem solving), anxiety, psychosis, impulsivity, irresponsibility, and behavioral problems. Traumatic brain injury can result from physical blunt force trauma, piercing of the skull, or through shockwaves transmitted through the skull as a result of sudden acceleration or deceleration such as a car crash or sports collision. As the soft pliable material of the brain impacts and bounces within the skull cavity it can cause bruising and damage affecting smell, sight, hearing, taste, and balance. These symptoms may be permanent or can heal after days, weeks, or even years as the nerves repair the damage and reactivate the sensory receptors [26] .
Results
The results listed here were gathered to establish a baseline of understanding among public defenders in Minnesota. There is no "correct" answer, and no comparison to other published studies on the prevalence of awareness of TBI symptoms among public defenders was made.
A total of 612 online survey email requests were sent to all assistant public defenders within the state of Minnesota. All participants contacted were aged 18 or over. Of those survey's, 171 were at least partially completed rendering a return rate of approximately 28%. Respondents on the variable of gender (n=165) consisted of 91 females (55%), 73 males (44%), and 1 other (0.61%). Respondents on location (n=171), were mostly from outside Hennepin and Ramsey counties (68%; n=117), with only 32% of respondents (n=54) from Hennepin and Ramsey counties. On the topic of experience (n=168), the largest group (33%) had been public defenders for less than 5 years. Finally, respondents (n=165) typically felt training should occur every year (53%; n=87) or at least every 5 years (40%; n=66) ( Table 1) . 
Familiarity of public defenders with TBI
To explore the familiarity of public defenders with the signs and symptoms of TBI, the respondents were asked to describe, based on their own opinion and experiences, the mild and moderate symptoms of TBI from a list of 11 choices. The choices were not mutually exclusive. Participants were asked to simply choose all that apply. As shown below in Table 2 , the most commonly selected symptom for the mild option was "headache" (88%). This symptom was followed closely by "depression" (74%), "visual problems" (67%), "balance problems" (66%), "aggression" (57%), and "hearing problems" (56%). Other symptoms with lower rates of endorsement included "manic-like behavior" (41%), "seizures" (35%), "suicide ideation" (27%), shortness of breath (22%), and hiccups (16%). Approximately 45% of the respondents selected 3 (13%), 4 (14%), or 5 symptoms (18%). Interestingly, 9% of the time participants selected all 11 symptoms. All other symptom counts (0, 1, 2, 6, 7, 8, 9, and 10) represented less than 8% each. In contrast, the most commonly selected symptom for moderate was "difficulty concentrating or completing tasks" (91%). This was followed closely by "mood-swings" (83%), "depression" (81%), "headache" (80%), 'the sense you just don't feel like yourself " (79%), "dizziness" (78%), "suicidal ideation" (68%), and "giddiness" (45%). In stark contrast to the results of the mild symptoms, the number of symptoms most often selected for the moderate group was 6 (15%), 7 (18%), or 8 (36%). Also, in contrast to the mild symptoms counts, the options of 0 through 3 only combined to account for 10.5% responses ( 
Recognition of TBI's Impact in criminal justice system
To gauge the respondents' familiarity with TBI's impact in the criminal justice system, the survey asked several questions about TBI. This included requesting the participants to estimate the prevalence of TBI among the defendants that they have represented in court. Of 166 respondents, the largest group estimated between 11%-25% (37%), followed by 26%-50% (27%), 0%-10% (17%), 51%-75% (16%), and 76%-100% (2%) ( Participants were also asked how often they referred defendants with a confirmed diagnosis of TBI to dispositional advisers in a typical month. Of the respondents to this question (n=168), 62% did not typically make a referral. This was followed by 35% of respondents making 1-2 referrals per month and 3% of respondents making 3-4 referrals per month. Similarly, participants were asked in a typical month how often they referred clients with a suspected diagnosis of TBI to dispositional advisers. Of the respondents to this question (n=167), 65% did not refer at all. Additionally, 31% of respondents made 1-2 referrals per month, 4% made 3-4 referrals per month, and less than 1% made 5-10 referrals per month ( Finally, we explored the topic of advanced education and training on TBI in the legal system. Of the respondents (n=168), the vast majority (73%) reported never receiving relevant training in this area. The rest of the respondents had received some training (18%) or were unsure or didn't know (9%). When participants were asked about when training took place (n=159), if at all, most never had any (70%) or could not recall (10%). This was followed by less than 5 years (9%), 5-10 years (5%), within 12 months (4%), and more than 10 years (1%). Among participants that received training on the recognition of TBI (n=53), a follow-up question on the helpfulness of training was asked. The largest percentage of participants found the training "somewhat helpful" (42%), "helpful" (34%), "very helpful" (13%), "not helpful" (8%), and "extremely" (4%). Lastly, participants (n=166) were asked if they felt a TBI screening tool would be help them screen more defendants. The majority of respondents replied "yes" (70%), followed by "I do not know" (25%) and "no" (5%).
Discussion
Prevalence rates for TBI in excess of 60% have been found in a meta-analysis of adult offenders [17] . Similarly, the prevalence rate of traumatic incidents, including but not limited to TBI, is estimated to be at or near 60% in adult offenders, with roughly half that rate observed in juvenile offenders [24, 27] . In this study, when asking public defenders to estimate the percentage of their clients with TBI, over 81% of the respondents underestimated the actual TBI prevalence. With such high prevalence rates, it is likely that public defenders come into contact with defendants with TBI on a fairly frequent basis.
Despite this high prevalence, TBI-focused training remains an area of concern for public defenders. Almost 75% of respondents reported receiving no training on the mental, memory, or behavioral impairments experienced by clients with TBI. Of the limited number of public defenders who did receive TBI-focused training, most (87%) found the training at least somewhat helpful to very helpful. These findings emphasize how helpful training can be in this context. Because individuals with TBI can confabulate in the form of false confession and false testimony, recognition and remediation prior to the conviction of an innocent person is in the interests of all parties concerned.
When asked to identify signs and symptoms of a mild and moderate TBI, the majority of respondents correctly chose the most common symptom of headache and depression. However, incorrect choices of seizures (35%), hiccups (16%), and shortness of breath (23%) were also selected. The heterogeneity of responses is highly suggestive of the need for education. In addition, coupled with increasing awareness of TBI should be the ability to refer to TBI specialists.
This survey showed that over 60% of respondents never referred either known or suspected cases of TBI to dispositional advisers. This highlights the need for improvements to awareness and training for public defenders in the area of TBI. As a result, this should increase referrals of defendants with suspected or confirmed TBI to dispositional advisors.
With these figures in mind, 70% of respondents felt a screening app or tool would be helpful in their work. Other research reinforces this finding with routine screening for the presence of TBI by a qualified forensic psychologist or psychiatrists is strongly encouraged [28] . Awareness through a screening app or training should increase desired outcomes of defendants with TBI in various criminal justice and legal settings. Using both or one modality would, likely increase referral to of defendants with suspected or confirmed TBI dispositional advisors.
The researchers believe that with increased awareness and understanding by public defenders and other court personnel more referrals to qualified professionals will result. Under the guidance of these professionals appropriate treatment, sentencing, and rehabilitation are all likely to have increased probability for success resulting in better outcomes for all stakeholders involved. This would be another avenue for future investigation.
Limitations
The present survey was limited by a modest response rate of 28% (n = 612). Although this sample may be sufficient for generalizing results, it is unclear if these findings will generalize to other professional groups or other states. Further, this study was limited to public defenders and did not include judges, correctional officers, and parole/ probation officers. Finally, respondents were only drawn from the state of Minnesota. As such, these findings are presented as a preliminary study for future research in a larger scope. Future research should explore if these findings generalize in other legal professionals and outside of Minnesota. The present survey could serve as a template for such research with minor modifications.
Implications
This study has three important implications. First, there was wide variation in the degree that public defenders were able to successfully distinguish the common symptoms of TBI. As such, public defenders would likely benefit from a standard educational handout, which should incorporate a straightforward description of TBI's prevalence in general and criminal justice populations along with a discussion of how TBI impacts Miranda rights, competency to stand trial, and the likelihood of re-arrest. The importance of this endeavor is emphasized by the fact that public defenders are often unfamiliar with this information as it relates to TBI. This standard educational handout may be most effective as just one aspect of a broader attempt to conduct and translate research into practice and policy. Central among these efforts should be the development of purpose-built forensic screening instruments for TBI.
Second, public defenders are frequently unaware of the psycholegal impairments resulting from TBI-related deficits. In this context psycholegal impairments are psychological impairments that impact a defendant's ability to successfully navigate the criminal justice process [29] . Such impairments can include affective dysregulation (e.g., mood disorders), anxiety, psychosis, impulsivity, and behavioral problems [4] [5] [6] [7] [8] [9] [10] . To address this, the development of an annotated bibliography of research studies in this area could assist in the education of these legal professionals.
Third, public defenders felt the need for training in the area of TBI. To this end, the development of additional training resources and continuing education programs focused on the impacts of TBI in the legal system are essential. Increased familiarity with TBI will not only help improve the identification of defendants with TBI, but also help better understand the defendant's deficits and limitations. Ultimately, accurate diagnosis and appropriate treatment offer the best chance of successful reintegration into the community.
Suggestions for Future Research
The current study is ripe for expansion across multiple domains. Foremost, this study should be replicated with both public defenders and prosecutors in the federal system and in jurisdictions across the U.S. and in other nations. Of particular interest, a survey that targets forensic evaluators charged with psychologically evaluating defendants holds a great deal of promise. Forensic evaluators are a critical population because of the multifaceted role that they play in evaluating the defendant and providing testimony in court about their evaluation. Expansion to fields outside the courtroom including corrections, parole, and probation may provide previously undiscovered insights into understanding of TBI. Along the same lines, surveying treatment professionals working in contexts ranging from detox centers and forensic hospitals to outpatient substance use and mental health treatment settings could be informative. Similarly, applying the survey to caregivers, immediate family members, and relatives of the defendant could yield insightful results. Perhaps the most important direction remains directly surveying individuals with TBI who have been involved in the criminal justice system. Throughout these surveys, questions should be added to better understand the impacts of TBI on competency to stand trial, ability to make legal decisions like waiver of Miranda rights, and provide testimony in spite of the possibility of confabulation and suggestibility. Such work is central to determining if there are professional, regional, or cultural differences in the understanding of TBI and its associated deficits. The primary goal of future studies should be aimed at not just determining what criminal justice, forensic mental health, and legal professionals know about TBI, but what these professionals need to do to modify their approaches to be more effective when interacting and communicating with individuals impacted by TBI. This should lead to an increase in positive long-term outcomes for all involved parties.
Conclusion
This study clearly establishes the need for more training of public defenders on the cognitive and behavioral impairments experienced by defendants with TBI. Many of the public defenders who participated in this survey lacked the training related to the criminal justice and legal aspects of TBI. For example, there was a distinct difference in reporting by public defenders on the symptoms of mild and moderate forms of TBI. Buttressing this point, very few public defenders referred clients who might have TBI for assessment and treatment services. Despite this limited familiarity with TBI, public defenders reported being overwhelming receptive when training was provided. This advanced training is merited because TBI has a prevalence rate of 60% in adults and 30% in adolescents in correctional institutions [18] [19] [20] [21] [22] [23] . As such, it is very likely that public defenders will frequently come into contact with defendants with TBI. Even in this study, public defenders reported that over half of their clients likely had TBI. In light of these findings, there is a strong need to develop and market advanced education and training programs on TBI in the legal system to public defenders.
